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Microalgae concentrates (paste) can be used as an alternative feed to replace live microalgae for aquaculture
due to its nutritional value and convenience. However, the clumping of cells and negative buoyancy of algae
concentrate can affect bivalve culture as bivalves only capture particles in suspension and ingest a certain size
range of particles. This study investigated the effect of shaking and blending treatments on the preparation of
food suspensions prepared from algae concentrates (Isochrysis and Pavlova). The results indicated that the higher
the shaking time (5, 10, and 15 times) or blending time (10, 30, and 60 seconds), the smaller was the diameter of
the resulting algae particles. Moreover, the greater the volume of algae concentrate used in preparation, the
larger the diameter of algae particles produced. Shaking may be the best option because it is cheaper and simpler.
However, all the treatments provided a suitable particle size range for ingestion by bivalves.
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INTRODUCTION
The aquaculture of bivalves consumes the highest
production of microalgae diets compared to other cultured
organisms (gastropods, crustacean, and fish) (Pauw et al.
1984). Nowadays, bivalve aquaculture industries collect
their larvae or spat from hatchery production, reducing
the need to collect them from the wild. Therefore, the mass
production of microalgae as live food to support bivalve
hatchery production is essential. However, the main
difficulty associated with microalgae production is the
high operational cost which can run at half of the hatchery
operating cost (Coutteau & Sorgeloos 1992; Borowitzka
1997). In their worldwide survey of bivalve hatcheries
Coutteau and Sorgeloos (1992) provided costs of up to
$US 300-400 per kg dry weight of microalgae, and a more
recent international survey conducted by Borowitzka
(1997) provided even higher costs of up to $US 600 per kg
for algae production, with the highest costs observed in
small hatcheries. Thus, it is very important to reduce the
cost of microalgae production.
To deal with the challenges of microalgae culture,
aquaculturists have examined the use of alternative diets
(Knauer & Southgate 1999). One potential replacement
for live microalgae is concentrated algae paste which can
be formed by concentrating algae from mass cultures and
preserving the resultant paste through refrigeration,
freezing or drying (Robert & Trintignac 1997; McCausland
et al. 1999; Ponis et al. 2008). To date, the nutritional value
of these concentrates of different microalgal species has
been evaluated with larval and juvenile oysters with some
promising results (Nell & O’Connor 1991; McCausland et
al. 1999; Robert et al. 2001; Ponis et al. 2003a). For example,
preserved concentrates of microalgae Pavlova and
Isochrysis have been evaluated for Saccostrea glomerata
larvae (Heasman et al. 2000), C. gigas (Ponis et al. 2003b;
Ponis et al. 2008) and Pecten fumatus larvae (Heasman et
al. 2000) with some good results. Furthermore, better
growth rates than the equivalent fresh diets have been
reported for C.gigas larvae when fed  concentrated diets
of P. lutheri + T-Iso stored for 7-14 days (Ponis et al.
2003a).
Recently, algae concentrate as also known as algae
paste (nonviable algae) has become commercially
available and is starting to be widely used. For example,
commercially available algae concentrate (‘Instant Algae’
products) has been used for the laboratory culture of
juvenile and adult shellfish (Wang et al. 2007).
Furthermore, the simple and inexpensive use of algae
concentrate as a food source is suitable for the production
of rotifer Brachionus plicatilis (Pfeiffer & Ludwig 2007).
In spite of these positive results, research on the best
procedures to prepare algae concentrates for use, i.e., to
optimise the proportion of particles within an appropriate
size range and maintain their availability in the water
column is required.
Microalgae concentrates can be harvested by
flocculation or centrifugation. These techniques are
effective but may damage the cells, especially when used
to harvest naked flagellates such as Isochrysis and
Pavlova. The drawback of using algae concentrates is
that the cells have lost motility and it becomes difficult to
disaggregate them back to single cells which is a
requirement for feeding bivalves (Knuckey et al. 2006).
Hence, the size of particles within algae concentrates is
bigger when added to the water than that of live algae and
therefore it will be more difficult to be ingested by larvae.
This larger size can affect the filtration rate (the volume of
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water flowing through the gill in a unit of time), clearance
rate (the rate at which particles are captured by the gill
from the flow of water through the mantle cavity) and the
production of pseudofeces (material that is not ingested
is released from the palps in mucus-bound) by bivalves
(Riebesell 1991; Evan Ward & Shumway 2004).
The sorting capacity of the bivalve’s gills is influenced
by particle size. For instance, diatom with all dimensional
axes > 70 μm cannot enter the principal filaments and thus
it cannot be directed efficiently to the gills (Cognie et al.
2003). Moreover, clearance rates for bivalve veligers are
typically highest with particle sizes between 4.7 and 6.3 μm
(Sommer et al. 2000), although they are capable of
ingesting cells well outside this range (up to 16 μm for
< 150 larvae and up to 30 μm for > 200 μm larvae) (Baldwin
& Newell 1995). To minimise this problem, algae
concentrates may be diluted and mixed by shaking or
blending to break any clumps. However, there is no
information on whether shaking or blending improves the
preparation of algae concentrates (i.e. what is the best
method to prepare algae concentrates for use?). Therefore,
the objective of this study was to determine the suitability
of shaking or blending in preparing algae concentrates
for feeding aquaculture animals, specifically bivalves.
MATERIALS  AND  METHODS
Preparation of Microalgae Suspensions and Shaking
Treatments. Two species of microalgae paste were used
in this study; the flagellates Isochrysis strain CCMP1324
(Figure 1a) and the Pavlova strain CCMP459 (Figure 1b)
obtained from Reed Mariculture Inc, California in the USA.
Algae paste Pavlova has a particle size range of 4-7 μm
and a density of 3.3 billion cells per ml, while, Isochrysis
paste size is 5-6 μm with around 4.6 billion cells per ml
(manufacturer’s information).
For each of the two species working suspensions of
algal cells were prepared from the paste by carefully
pipetting volumes of either 1, 5, or 10 ml into 1 litre of
filtered (1 μm) seawater. These suspensions were treated
in one of two ways to disperse algal cells within the
suspension; (i) subjected to shaking by hand and, (ii)
dispersed using a food blender. For the shaking treatment,
the suspension was placed in a 1.25 l plastic bottle which
was vigorously shaken 5, 10, or 15 times, while, for the
blending treatment, the liquid mixture was homogenized
for 10, 30, or 60 seconds using the fastest speed. Each
treatment was replicated three times. After treatment,
aliquots were collected in 70 ml vials and then analysed to
determine the size frequency of algal cells per ml of
suspension using a FlowCam (Fluid imaging
Technologies). The sizes were expressed as equivalent
spherical diameters (ESD).
Determination of Size Frequency of Algal Cells.
FlowCam is a continuous imaging flow cytometer
designed to characterize particles that pass through a flow
chamber. The FlowCam captures digital images of particles
in a fluid stream using laser light detection, enabling the
measurement of many cell parameters, such as length,
width, volume, ESD, and fluorescence (Sieracki et al. 1998).
To begin, the FlowCam including the integrated computer
and laser were turned on. Then the FlowCam software
program (vs 20x program) was opened. The parameters
were set for 3000 μm at flow cell width and 300 μm at flow
cell depth at the beginning of the first run and were held
constant for each sample run. The speed at which the
sample was pumped through the detection chamber was
set to fast mode and the speed dial to 7 and forward.
Water samples were stirred continuously with a
magnetic stirrer at the lowest setting to ensure
homogeneity. Then, algal paste cells contained in a water
sample were passed through a flow chamber by a peristaltic
pump and illuminated by a green laser. The focus on the
camera was adjusted to ensure clear images and the flow
cell checked and cleared of any bubbles or debris. To
start counting the number of cells per ml, the autoimage
mode was set for 2 minutes. A video camera or frame-
grabber captures an image of each object that passes
through the field of view on a 20x objective microscope
lens. The digitized images are then collected and stored in
the computer where they can be analysed with FlowCam
software (Sieracki et al. 1998). After this, the machine was
switched off for a second to carefully replace the next
sample, to prevent air entering the Flow Cell that could
form tiny bubbles which could be detected as particles
and imaged in the next sample. After all samples were run,
the FlowCam was rinsed with distilled water to remove
the debris or algal paste cells in the flow chamber. Digital
images from each sample were saved and analysed.
Information on the dimensions of the image ESD and the
number of particles per ml for each treatment and size
range was collected in Excel format.
Statistical Analysis. The statistical software used was
S-Plus 8 for windows. For the first experiment, prior to
statistical analysis, data were assessed for equality of
variance and normality. The proportion of the size range
of algae concentrate between 1 and 10 μm was transformed
to Arcsin square root to improve the homogeneity of
variance assumption (Zar 1984). A two way factorial
analysis of variance (ANOVA) was used to examine
differences in the size of particle diameter (dependent
variable) in response to treatment and volumes
(independent variable). Data sets were analysed
separately for shaking and blending.
Figure 1. The flagellates (a) Isochrysis strain CCMP1324 and (b)
the Pavlova strain CCMP459.
CCMP1324 CCMP459 5 μm
a b
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RESULTS
Effect of Shaking. Mean particle size of algal
suspensions was decreased as shaking time increased
and the differences were statistically significant (Figure
2a). For Isochrysis there was a significant difference in
the diameter of particles when it was shaken for 5, 10, or
15 times (F2.18= 8.27, P = 0.002). A Tukey test showed that
particle diameter was larger when it was shaken 5 times
(4.70 + 0.3) than it was shaken 10 (4.49 + 0.29) and 15 times
(4.41 + 0.28). Similarly, particle diameter increased as the
volume of the algal concentrate used to prepare the
suspension increased and the differences were statistically
significant (F2.18= 368.34, P < 0.001) (Figure 2a). Mean
particle diameter was greatest when the volume of algal
concentrate was 10 ml (5.54 + 0.07); it was significantly
higher than for volumes of 5 ml (4.53 + 0.08) and 1 ml (3.53
+ 0.02). There was no significant interaction between
shaking treatment and volumes of algal concentrates (F4.18
= 0.91, P = 0.475).
For Pavlova, there was no significant difference in
mean particle size (F2.18 = 3.184, P = 0.065) between shaking
times of 5 (6.7 + 0.75), 10 (7.00 + 0.85), and 15 (7.38 + 0.87)
(Figure 2b). However, there was a corresponding trend of
increasing the number of shaking to decreasing particle
size. Furthermore, there was a significant difference in
particle size of Pavlova between volumes (F2.18= 214.24, P
< 0.001), with volume 1 ml (4.02 + 0.12) was significantly
lower than those of 5 ml (7.49 + 0.27) and 10 ml (9.56 + 0.20)
(Figure 2b). Generally, there was indication that the higher
volume of algal concentrate added to the 1 l of seawater
to prepare the algae suspension, the larger diameter of
particles in the algae suspension. No significant
differences in the interaction between shaking treatment
and volumes (F4.18 = 1.05, P = 0.40) were observed during
the experiment for particle diameter.
Effect of Blending. There was a significant effect of
blending treatments on the particle size of Isochrysis algal
suspensions (F2.18 = 42.60, P < 0.001) (Figure 3a). Particle
size decreased with an increased blending time. A Tukey
test showed that blending for 10 seconds (3.5 + 0.17)
resulted in significantly larger particle size than blending
for 30 seconds (3.2 + 0.15) and blending 30 produced
significantly larger particle size than 60 seconds (3.0 +
0.14). Likewise, volumes of algae concentrate added per 1 l
seawater before the blending treatment resulted in
significant differences in particle size (F2.18 = 188.14, P <
0.001) (Figure 3a); the larger the volume of algae
concentrate, the larger the cell diameter. The particle size
resulting from the use of 1 mL algae concentrate (2.7 +
0.06) was significantly smaller than for 5 ml (3.2 + 0.07)
and 10 ml (3.7 + 0.10). There was no significant interaction
between blending times and volumes (F4.18 = 2.31, P = 0.09)
in the algal particle size.
For Pavlova, there was a significant difference in the
particle size between blending treatments (F2.18 = 36.65, P
< 0.001) with blending for 60 seconds (5.75 + 0.83) giving
significantly lower particle sizes than 30 seconds (6.39 +
0.96) and 10 seconds (6.47 + 0.97) (Figure 3b). There was
indication that the higher blending time, the smaller particle
size in algal suspension. Similarly, there was a significant
difference in the mean particle sizes suspensions prepared
using different volumes of algal paste added per 1 l
seawater (F2.18 = 2530.14, P < 0.001), where the higher
volumes, the larger mean particle size (Figure 3b). A volume
of 1 ml of algal concentrate (2.62 + 0.03) resulted in
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Figure 2. Mean (+ s.e) diameter of algal concentrate Isochrysis (a)
and Pavlova (b) for three different shaking times and
volumes of algae added to 1 l filtered seawater.
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significantly lower particle size than that of 5 ml (7.33 +
0.19) and 10 ml (8.67 + 0.19). The interaction between
blending treatment and volumes also give significantly
different results in the particle diameter (F4.18 = 15.28, P <
0.001).
Proportion of Particle Size Class (1-10 μm) in the
Algal Concentrate. The size range of particles in the algal
suspensions after blending and shaking ranged from 1 to
250 μm with approximately 80 % in the size range from 1 to
50 μm. From visual observation from FlowCam machine,
there were many clumping of algal concentrate (Figure 4).
No significant differences were found in the proportion
of particles in the size range 1 to 10 μm for suspensions of
Isochrysis prepared by blending (F2.18 = 0.70, P = 0.50) or
shaking (F2.18 = 2.44, P = 0.11) (Figure 5). The number of
shaking or the duration of blending also resulted in same
proportion of particles in the size range of 1-10 μm.
However, there was a significant effect of volume in the
proportion of particles in this size range, found in the
algal concentrate for both blending (F2.18= 19.51, P < 0.001)
(Figure 5a) and shaking treatment (F2.18 = 53.02, P < 0.001)
(Figure 5b). The proportion of particles in this size range
increased as the volume of paste used to prepare the
suspension decreased. The interaction between blending
and volume of paste used (F4.18 = 0.80, P = 0.54) (Figure 5a)
or between shaking and volume (F4.18 = 0.34, P = 0.84)
(Figure 5b) were not statistically significant.
As with Isochrysis, there were no significant
differences in the proportion of particles in the 1-10 μm
size range in suspensions of Pavlova prepared by blending
(F2.18 = 2.11, P = 0.15) (Figure 6a) or shaking (F2.18 = 0.08,
Figure 4. Photograph showing clumping algal paste of Isochrysis
(a) and Pavlova (b).
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P = 0.92) (Figure 6b). On the other hand, a significant
different was found for different volumes of paste used to
prepare algae suspensions by blending (F2.18 = 353.89, P <
0.001) and shaking (F2.18 = 4.92, P = 0.01). The larger the
volume of algae concentrate, the fewer the proportion of
particles between 1-10 μm. Neither the interaction between
algae concentrate volume and blending (F4.18 = 1.10, P =
0.38) (Figure 6a) nor between volume and shaking (F4.18 =
0.03, P = 0.99) (Figure 6b) were significant the proportion
of this size range of particles.
DISCUSSION
Clumping of particulate food particles is a major
problem in aquaculture. The segregation of particles (algal
cells) from microalgal concentrates is an essential step in
the process of feeding bivalve larvae using those
products. Segregation of microalgal cells in suspensions
prepared from algae paste can be brought about by
shaking and blending. My results indicated that shaking
and blending both give suitable size ranges of microalgal
particles to feed bivalves. When using shaking, the sizes
of microalgae particles Isochrysis and Pavlova were around
4.5 and 7 μm, respectively. When using blending these
sizes were approximately 3.3 and 6.2 μm, respectively. The
size of microalgae particles produced by blending was
lower than that of shaking but all treatments provided a
suitable size of microalgal particles to feed bivalves. This
preliminary study also indicated that mechanical shaking
is probably a simpler, cheaper and more rapid technique
to prepare algal suspensions from microalgal concentrates
compared to blending which needs a blender and
electricity and is therefore more costly. Furthermore,
shaking may be a safer method than blending in terms of
maintaining the algal concentrate cells. According to Biggs
(1987) microscopic examination of cells indicated that some
microalgae species were damaged occasionally when
blending for more than 2 min. Even in this study the maximal
blending time was just 1 minute but there is a chance that
it may have caused cells damage.
Shaking involves creation of voids into which particles
may move and this is the principal factor driving the
segregation process. Shaking is modelled as a process in
which all the particles are first lifted and then dropped to
the bottom of the bottle. During the shaking of a particle
mass, relative motion between the particles occurs. A void
which opens underneath a large particle may be filled by
a smaller one. During the segregation process the larger
particle is moved upward as smaller particles fill voids
created underneath it (Jullien et al. 1992). On the other
hand, the blender consists of a jar with blade at the bottom
which is rotated by a motor at the base. The diluted
seawater is used to move the microalgae concentrate
around the jar and bring it in contact with the blade (Biggs
1987).
Following shaking and blending treatments, samples
can be diluted to any density of cells appropriate for the
analysis being carried out. The volumes of microalgal
concentrate added to the 1 l filtered seawater to prepare a
working suspension can be varied to increase the density
and the particle size range within the resulting microalgae
suspension. Even though there was a significant
difference in the mean particle size, the size range of particle
within suspensions of Isochrysis and Pavlova in volumes
1, 5, and 10 ml obtained by either blending or shaking
were still appropriate to feed bivalves. For reasons of
efficiency related to producing more algal concentrate, it
is better to use 10 ml algal concentrate rather than 1 or 5 ml
to prepare the algal concentrate to feed bivalve.
Another important result was that more than 50% of
particles produced either by shaking or blending were in
the size range of 1-10 μm. This result is favourable since
the size of particles is a very important factor in the
ingestion and digestion in bivalves. According to
Mohlenberg and Riisgard (1978) the lower limit for effective
particle retention ranges between 1 and 7 μm, depending
on species and large particles that cannot be easily
ingested or digested are ejected in the pseudofeces.
Pseudofeces are formed by bivalves when filtered particles
are combined with mucus and rejected prior to ingestion
(Evan Ward & Shumway 2004). They represent, by
definition, a waste of food.
There is abundant evidence indicating that from the
mean diameter of algal concentrate by shaking and
blending, and the size range of 1-10 μm are the ideal food
particle size for bivalve larvae. Larvae of Mytilus edulis
with lengths 150 and 170 μm could not consume particulate
food with diameter larger than 9 μm or smaller than 1 μm
(Riisgard 1980). Moreover, mussel larvae 260 μm in length,
fed with 20-25 μm diameter algae had permanently empty
stomachs (Sprung 1984). The highest clearance rate for
food particles of mussel M. edulis was obtained with
particles in the size range of 2.5 to 3.5 μm and although
larvae could retain microalgae with 1-2 μm diameters from
suspension, this was done with low efficiency (Riisgard
1980). Similarly, larvae of the clam Ruditapes
philippinarum can easily ingest particles in the size range
between 1 and 8 μm with the highest clearance rates being
with 1.4 to 2.0 μm. Pearl oysters mainly ingest particles in
the 2-20 μm range (Kuwatani 1965). For instance, the
microalgae particles less than 2 μm were too small to be
captured by Pinctada margaritifera and adult Akoya Pearl
oyster (Tomaru et al. 2002). The widest size range of
particulate food was ranged from 0.2 to 30 μm which was
found in large umbo-stage eastern oyster Crassostrea
virginica (Baldwin & Newell 1991). The lower limit for
effective retention of particulate food in scallops is around
5-7 μm even though they can ingest particles larger than
10 μm diameter as described from the gut contents of
Placocopecten magellanicus (Shumway et al. 1987). The
retention efficiency of particles is depending of the
species and it is range approximately from 1-10 μm. Many
clam species and mussels (Mytilus edulis) have well
developed latero frontal cirri and have high retention
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efficiency for small particles. They have retention
efficiency of 90% for particles of 3 μm and 50% for 1 μm
diameter (Jorgensen 1990). On the other hand, scallops
have poor retention efficiency of particulate food > 5 μm
because of under-development of latero-frontal cirri on
the gill filaments. While, oyster Crassostrea gigas and
Ostrea edulis have retention efficiency of small particles
between scallops and mussels owing to their short latero-
frontal cirri (Riisgard 1988).
Thus, our results show that by shaking for 5, 10, or 15
times or blending for 15, 30, or 60 seconds, both algae
concentrate Isochrysis and Pavlova can be used in
aquaculture production to feed bivalves as these
treatments result in a suitable diameter of algae food
particles. Moreover, both shaking and blending treatments
can give approximately more than 50% of particles in the
size range of 1-10 μm which is easily ingested and digested
by bivalves. Between the two techniques to prepare algae
suspensions from algae concentrate, shaking may have
additional advantages than blending as it is cheaper (does
not require electricity) and simple to prepare, so, the cost
production for aquaculture may be smaller than by
blending. Furthermore, in the term of efficiency, by added
10 ml algae concentrate in the 1 l seawater bottle shaker is
better than using smaller volume such as 1 and 5 ml algae
concentrate as the size of algae concentrate in three
different volumes are still appropriate to feed bivalves.
In conclusion, Shaking and blending treatments both
provide a suitable size of algal concentrate to feed
bivalves. Shaking may be the best option because it is
cheaper and simpler. For further research, it needs to be
tested with aquaculture animals especially bivalves by
feeding those algal concentrates.
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